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Abstract 

This study aims to comprehensively examine how modern educational 
perspectives can strengthen students' conceptual understanding in 
abstract algebra learning by synthesizing recent research findings. The 
study employs a literature review method, analyzing scholarly articles 
published in reputable national and international journals over the past 
few years. The results indicate that integrating student-centered learning 
approaches, interactive digital technologies, diverse mathematical 
representations, collaborative learning, and gradual scaffolding can 
enhance conceptual understanding, mathematical proof skills, abstract 
reasoning, and student engagement in the learning process. 
Furthermore, applying modern educational perspectives fosters a 
learning environment that is more adaptive, reflective, and meaningful, 
thereby mitigating the conceptual difficulties that have historically 
hindered abstract algebra learning. Consequently, implementing these 
modern educational approaches serves as a relevant strategy to support 
the development of abstract algebra instruction that is more effective, 
innovative, and focused on strengthening students' conceptual 
understanding. 
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INTRODUCTION 

Advancements in science and technology have driven a transformation 

across various aspects of education, including mathematics instruction at the 

university level. The paradigm shift from lecturer-centered to student-centered 

learning necessitates innovation in the instructional process to produce 

graduates capable of critical, analytical, and creative thinking, as well as 

systematic problem-solving. In the context of mathematics education, this shift 

is particularly crucial given the nature of the discipline, which emphasizes 

reasoning skills, the construction of logical arguments, and a deep 

understanding of the relationships between concepts. Abstract algebra is one 

of the most complex courses in mathematics education. It not only introduces 

abstract mathematical objects but also requires students to grasp axiomatic 
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structures, construct formal proofs, and connect interrelated concepts. 

Consequently, conceptual mastery serves as the fundamental basis for 

academic success (Alam & Mohanty, 2024a). 

However, research indicates that the teaching and learning of abstract 

algebra still face numerous challenges. Many students struggle to transition 

from concrete concepts to the abstract thinking that characterizes this course. 

These difficulties often arise when students encounter formal definitions, 

mathematical symbols, and theorem proofs that require deductive reasoning. 

Furthermore, instructional processes dominated by conventional delivery 

methods often lead students to memorize definitions and procedures without 

grasping the underlying conceptual meaning (Hausberger, 2020a). As a result, 

students' abilities to connect concepts, construct mathematical arguments, 

and apply theories in diverse situations fail to develop optimally. These issues 

highlight the need to prioritize the enhancement of conceptual understanding 

in the development of abstract algebra instruction. 

Conceptual understanding is defined as the ability to comprehend the 

meaning of a concept, explain the relationships between concepts, and apply 

those concepts flexibly across various situations. In the study of abstract 

algebra, conceptual understanding is a vital prerequisite for students to build 

mathematical proof skills, perform generalizations, and develop abstract 

reasoning capabilities. Students with a solid conceptual understanding are not 

only able to recall the definitions of groups, rings, or fields but also grasp the 

rationale behind each axiom, explain the relationships between algebraic 

structures, and apply these concepts to solve various mathematical problems. 

Conversely, a weak conceptual understanding makes it difficult for students to 

keep pace with increasingly complex material, thereby leading to poor learning 

outcomes and diminished academic motivation (Paul et al., 2025). 

As research in mathematics education evolves, various modern 

educational perspectives offer learning approaches that are more adaptive to 

students' needs (Jamil et al., 2025). These perspectives position students as 

active agents in constructing knowledge through processes of exploration, 

discussion, reflection, and problem-solving. Constructivist approaches, 

problem-based learning, collaborative learning, inquiry-based learning, and the 

use of digital technology are among the strategies increasingly implemented to 

enhance the quality of advanced mathematics education. These approaches 

provide students with opportunities to construct their own understanding 

through meaningful learning experiences, thereby making abstract concepts 

easier to grasp. Furthermore, advancements in educational technology have 
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introduced interactive media, mathematical software, digital learning systems, 

and online resources that enrich conceptual representations and enhance 

interaction during the learning process (Sofroniou, 2025a). 

Modern educational perspectives also emphasize the importance of 

utilizing diverse mathematical representations to build conceptual 

understanding. Abstract algebra concepts are not merely presented through 

formal symbols; they can also be explained using visual representations, 

diagrams, illustrations, analogies, and contexts that resonate with students' 

own learning experiences. This variety of representations helps students grasp 

the relationship between formal definitions and the underlying conceptual 

meanings. Additionally, the implementation of authentic assessment and 

continuous feedback enables lecturers to identify students' learning difficulties 

early on, allowing the learning process to be tailored to individual needs. Such 

adaptive learning environments have the potential to boost student 

engagement while strengthening the higher-order thinking skills essential for 

mastering abstract algebra (Mrope, 2024). 

Despite the development of numerous instructional innovations, research 

findings regarding the effectiveness of modern educational perspectives in 

improving conceptual understanding in abstract algebra remain scattered 

across various scholarly publications with diverse research focuses. Some 

studies concentrate on the effectiveness of specific learning models, while 

others examine the use of digital technology, mathematical proof strategies, 

collaborative learning, or the development of abstract thinking skills. The 

diversity of these findings highlights the need for a study capable of integrating 

various research outcomes to provide a more comprehensive picture of the 

most relevant strategies for supporting abstract algebra instruction. 

Synthesizing this research is also essential to identify trends in instructional 

development, implementation opportunities, and challenges that remain to be 

addressed (Murray & Baldinger, 2018a). 

Against this backdrop, this study employs a literature review 

methodology to analyze and synthesize recent research on applying modern 

educational perspectives to enhance conceptual understanding in abstract 

algebra. This study aims to make a theoretical contribution by mapping the 

evolution of effective instructional strategies, while also offering practical 

recommendations for lecturers and curriculum developers on designing 

abstract algebra instruction that is innovative, adaptive, and focused on 

strengthening students' conceptual understanding. Ultimately, the findings are 

expected to support the development of more meaningful mathematics 
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instruction and produce graduates equipped with the abstract thinking skills, 

mathematical reasoning abilities, and academic competencies required by 

modern higher education. 

 

RESEARCH METHOD 

This study employs a literature review method to analyze and synthesize 

research findings regarding the strengthening of conceptual understanding in 

abstract algebra education through the lens of modern educational 

perspectives. Data were gathered from scholarly articles published in reputable 

national and international journals, as well as other relevant academic sources 

from recent years. The review process involved identifying, selecting, 

evaluating, and critically analyzing literature aligned with the research focus; 

the findings were then descriptively synthesized to identify the instructional 

approaches, uses of technology, and pedagogical strategies that contribute to 

enhancing students' conceptual understanding of abstract algebra. Finally, the 

synthesis was used to construct a comprehensive overview of implementing 

modern educational perspectives as a foundation for developing more 

effective and meaningful abstract algebra instruction. 

 

RESULT AND DISCUSSION 

Challenges in Conceptual Understanding in Abstract Algebra Learning 

Learning abstract algebra is a component of advanced mathematics that 

simultaneously demands logical, deductive, and abstract thinking skills. Unlike 

elementary mathematics, which is largely oriented toward procedures and 

calculations, abstract algebra is built upon a foundation of axiomatic systems, 

formal definitions, and interconnected mathematical proofs. Concepts such as 

groups, rings, and fields are understood not through concrete representations, 

but through properties that satisfy specific sets of axioms (Pramesti & 

Retnawati, 2019). These characteristics require students to transition from a 

computational mindset to a structural one. At this stage, students are expected 

not only to master definitions but also to grasp the relationships between 

concepts, recognize patterns, and apply deductive reasoning to both construct 

and evaluate mathematical proofs. This complexity makes abstract algebra a 

course with a relatively high level of conceptual difficulty within mathematics 

education. 

The conceptual difficulties students face often arise at the initial stage of 

studying the formal definitions and axiomatic properties of algebraic 

structures. Many students view definitions merely as information to be 
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memorized rather than as a foundation for building deeper conceptual 

understanding. Consequently, students often struggle to distinguish the 

characteristics of different algebraic structures, understand the hierarchical 

relationships between concepts, or determine whether a given set satisfies 

specific axioms. Furthermore, the process of mathematical proof presents a 

distinct challenge, as it requires the ability to systematically connect definitions, 

theorems, and formal logic. This situation leads students to memorize proof 

steps without understanding the rationale behind each argument employed 

(Agustyaningrum et al., 2021). 

Limited conceptual understanding is also influenced by students' 

restricted ability to engage in mathematical representation. Many concepts in 

abstract algebra lack easily understandable visualizations, making it difficult for 

students to form mental images of the objects being studied. When concepts 

are conveyed solely through symbols and formal notation, some students 

experience a high cognitive load due to the need to process multiple abstract 

pieces of information simultaneously. Consequently, students tend to focus on 

symbol manipulation rather than grasping the underlying mathematical 

meaning. This situation increases the likelihood of misconceptions arising, 

particularly when students attempt to link new concepts with their existing 

mathematical knowledge (Veith et al., 2022). 

Another factor contributing to limited conceptual understanding is the 

students' background regarding prerequisite skills. Suboptimal mastery of 

mathematical logic, set theory, relations, functions, and proof techniques 

hinders the comprehension of abstract algebra material (Alam & Mohanty, 

2024b). Abstract algebra requires students to possess a strong foundation in 

mathematical reasoning, as the subject matter relies heavily on the ability to 

analyze definitions and construct deductive arguments. If these fundamental 

skills are not well-developed, students struggle to keep pace with the 

increasingly complex material. As a result, their understanding of concepts 

remains fragmented, preventing them from forming a coherent grasp of the 

interrelationships between algebraic structures (Ying et al., 2020). 

Beyond students' internal factors, the instructional approach also 

contributes to the formation of conceptual understanding. Learning processes 

that remain lecturer-centered—emphasizing the direct presentation of 

definitions and proofs—often limit students' opportunities to construct 

concepts through exploration and discussion. Students become passive 

recipients of information, resulting in a suboptimal knowledge construction 

process. Yet, conceptual understanding in abstract algebra requires active 
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student engagement in testing conjectures, analyzing examples and non-

examples, and discussing the logical reasoning behind concepts. A lack of such 

activities leads to a merely superficial understanding of the concepts, rendering 

students unable to apply them in different contexts. 

In addition to instructional methods, students' learning motivation and 

self-confidence also influence their success in grasping abstract concepts. The 

perception of abstract algebra as a difficult subject often triggers academic 

anxiety, undermining students' confidence in solving problems or constructing 

proofs. This state can diminish active participation during lessons and reduce 

the frequency of practice—which is crucial for reinforcing conceptual 

understanding. The fewer opportunities students have to practice applying 

definitions and theorems, the harder it becomes for them to develop the 

abstract thinking and mathematical reasoning skills that lie at the heart of 

learning abstract algebra (Mangelep et al., 2023). 

 

Implementation of a Modern Educational Perspective to Improve Conceptual 

Understanding in Abstract Algebra 

Learning abstract algebra requires students to understand concepts that 

are axiomatic, deductive, and very abstract so that conventional lecturer-

centred learning approaches are often unable to develop conceptual 

understanding optimally. Students are not only required to memorize 

definitions, theorems or proof procedures, but also must be able to connect 

various interrelated concepts and use them to solve mathematical problems 

logically (Alam & Mohanty, 2024c). Therefore, implementing a modern 

educational perspective is a relevant strategy for creating learning that is more 

active, meaningful, and oriented towards the development of high-level 

thinking abilities. This perspective places students as the main subject in the 

learning process so that they have the opportunity to build their own 

conceptual understanding through authentic learning experiences. 

One approach that is widely used is constructivist learning. The 

constructivist perspective views that knowledge cannot be transferred directly 

from lecturers to students, but must be built through a process of exploration, 

reflection, and integration of previous learning experiences with new concepts 

(Hausberger, 2020b). In learning abstract algebra, lecturers can facilitate 

students to discover the characteristics of a group, ring, or field through 

observing various examples and non-examples before introducing formal 

definitions. This approach helps students understand the reasons behind a 

mathematical definition so that the concepts studied become more meaningful 
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than just memorizing formulas. When students are able to construct concepts 

independently, they also find it easier to connect relationships between 

algebraic structures and develop mathematical proof skills (Sofroniou, 2025b). 

The modern perspective also emphasizes the application of Problem-

Based Learning (PBL) as a means to improve analytical and conceptual thinking 

skills. In this approach, learning begins with the presentation of a challenging 

problem so that students are encouraged to search for information, discuss 

alternative solutions, and develop arguments based on abstract algebraic 

concepts. The problems given are not always routine questions, but can be in 

the form of proving a property, analyzing certain algebraic structures, or 

applying concepts in other areas of mathematics. Through this process, 

students learn to identify relevant concepts, connect various theorems, and 

critically evaluate the solutions obtained (Murray & Baldinger, 2018b). This 

activity not only improves problem solving abilities, but also strengthens 

conceptual understanding because students understand the function of each 

concept in solving real problems in mathematics. 

Apart from that, the Collaborative Learning approach is an effective 

strategy in learning abstract algebra because it allows students to build 

understanding through social interaction. Group discussions provide students 

with the opportunity to explain ideas, defend arguments, and criticize friends' 

thinking based on correct mathematical principles. This communication process 

helps students identify errors in understanding that they were previously 

unaware of as well as deepening their mastery of concepts through the 

explanations they give to other group members. Collaboration also trains 

mathematical communication skills which are very important in learning 

abstract algebra because most learning activities involve proof, logical 

reasoning, and presenting arguments systematically (Exploring the Effects of 

Concept-Based Instruction in the Teaching and Learning of Mathematics, n.d.). 

Thus, learning does not only focus on the final result, but also on the thinking 

process that supports the formation of a stronger conceptual understanding. 

The inquiry learning approach contributes to enhancing the quality of 

abstract algebra instruction. Through this approach, students are guided to ask 

questions, formulate conjectures, explore various examples, and draw 

conclusions based on the evidence obtained. Such investigative activities 

encourage students to take an active role in understanding the relationships 

between concepts, rather than merely passively receiving information from the 

lecturer (A, 2025). For instance, students might explore the properties of binary 

operations across different sets to discover the conditions required to form a 
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group before formally proving them. This discovery-based process helps 

students grasp the conceptual meaning of definitions while simultaneously 

strengthening the deductive reasoning skills that are central to abstract 

algebra. 

Advancements in digital technology also offer significant opportunities to 

support the implementation of modern educational perspectives. Various 

online learning platforms, interactive mathematics applications, symbolic 

computation software, and artificial intelligence tools can be utilized to enrich 

the student learning experience. Technology enables more flexible delivery of 

course material through simulations, conceptual visualizations, instructional 

videos, and adaptive exercises tailored to individual student abilities. Although 

many abstract algebra concepts are theoretical in nature, visualizing the 

relationships between mathematical structures and presenting interactive 

examples can help students comprehend concepts that were previously 

difficult to grasp. Furthermore, digital technology provides rapid feedback, 

allowing students to quickly identify conceptual errors and correct them 

independently (Córdova-Esparza & Piñon, 2025). 

Implementing modern educational perspectives also requires the use of 

diverse mathematical representations. Historically, abstract algebra instruction 

has often relied heavily on symbolic representations, making it difficult for 

students to derive meaning from the symbols used. Consequently, presenting 

concepts through a variety of representations—such as diagrams, tables, visual 

illustrations, verbal explanations, and concrete examples—can help students 

understand the relationships between concepts more comprehensively. 

Transitioning from informal to formal representations allows students to build 

their understanding incrementally, making abstract concepts easier to 

comprehend. The ability to connect various forms of representation is also an 

important indicator of deep conceptual understanding (Córdova-Esparza & 

Piñon, 2025). 

Another equally important aspect is the application of scaffolding in the 

learning process. Lecturers play a role by providing gradual assistance tailored 

to students' needs, then slowly reducing that support as students become 

capable of independent learning. Scaffolding can take the form of hints, 

prompting questions, simple examples, or feedback on the proof-writing 

processes undertaken by students. This strategy helps students overcome 

conceptual difficulties without depriving them of the opportunity to think 

independently. With such targeted support, students gain confidence in 
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grasping complex concepts and are able to continuously develop their 

mathematical reasoning skills. 

 

Implications of the Modern Educational Perspective for the Development of 

Abstract Algebra Instruction 

A synthesis of various literature reviews indicates that the modern 

educational perspective has significant implications for the development of 

abstract algebra instruction in higher education. The paradigm shift from 

lecturer-centered to student-centered learning fosters a learning process that 

is more active, reflective, and meaningful. In abstract algebra instruction, this 

paradigm shift is crucial because the subject matter—characterized by its 

axiomatic and formal nature and its demand for high-level thinking skills—often 

poses obstacles for students in grasping fundamental concepts. Research 

indicates that approaches such as constructivism, collaborative learning, 

inquiry-based learning, and problem-based learning, alongside the use of digital 

technology, create learning environments that enable students to construct 

knowledge through the exploration, discussion, and reflection of abstract 

concepts. Consequently, students do not merely memorize definitions and 

theorems but also comprehend the interrelationships between concepts that 

underpin algebraic structures (Arcavi et al., 2016). 

Enhanced conceptual understanding is a primary implication of applying 

the modern educational perspective to abstract algebra instruction. Literature 

shows that students gain deeper insight when given opportunities to construct 

concepts using various mathematical representations—such as diagrams, 

visual illustrations, concrete examples, and case explorations (Ellis & Özgür, 

2024). This approach helps students link new concepts to their existing 

knowledge, thereby rendering the learning process more meaningful. 

Furthermore, the use of reflective questioning, group discussions, and 

investigative activities strengthens students' abilities to identify the properties 

of algebraic structures, understand the relationships between axioms, and 

articulate the logical reasoning behind specific concepts. These findings 

demonstrate that modern instructional methods not only improve learning 

outcomes but also enhance the quality of conceptual understanding, which 

serves as the essential foundation for mastering more complex abstract 

algebra topics (Sibgatullin et al., 2022). 

The modern educational perspective also positively impacts the 

development of mathematical proof-writing skills. Proof construction is a core 

competency in abstract algebra, as every concept is built upon systematic 
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logical argumentation. Literature reviews indicate that instructional strategies 

allowing students to collaboratively construct, discuss, evaluate, and revise 

proofs can enhance deductive reasoning skills. Students become more adept at 

identifying assumptions, selecting relevant definitions, applying theorems 

appropriately, and formulating coherent mathematical arguments. 

Furthermore, continuous feedback—provided by both instructors and AI-based 

learning technologies—helps students recognize logical errors during the 

proof-writing process, thereby fostering the ongoing development of their 

mathematical reasoning (Kieran, 2022). Thus, modern instruction fosters not 

only problem-solving proficiency but also the capacity for more systematic and 

critical mathematical thinking. 

A further implication is observed in the enhancement of students' 

abstract reasoning abilities. Literature indicates that abstract thinking does not 

develop instantaneously; rather, it requires a gradual learning process involving 

exploratory, reflective, and collaborative activities. Modern educational 

perspectives support this process by offering scaffolding strategies that help 

students transition from concrete understanding to abstract thought. The use 

of examples and non-examples, visualizations of mathematical structures, 

digital simulations, and pattern exploration enables students to grasp the 

meaning behind the formal symbols used in abstract algebra. As their ability to 

connect various concepts improves, students find it easier to understand the 

structures of groups, rings, and fields as interconnected systems. This 

demonstrates that modern instructional approaches can reduce students' 

cognitive load when studying complex concepts while simultaneously 

enhancing their capacity for mathematical generalization (Nilimaa, 2023). 

From an affective standpoint, research also indicates that modern 

educational perspectives contribute to increased student engagement in the 

learning process. Instruction that fosters discussion, collaboration, problem-

solving, and the use of digital media boosts students' learning motivation and 

self-confidence. Interactive learning environments encourage students to voice 

their opinions, question concepts they do not yet understand, and discuss 

strategies for solving mathematical problems. Such active engagement is a 

crucial factor in improving the quality of learning, as students shift from being 

passive recipients of information to active constructors of their own 

knowledge. Studies further show that increased student engagement 

correlates positively with improved academic achievement, critical thinking 

skills, and long-term conceptual retention (Siller & Ahmad, 2024). 
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The integration of digital technology—a key component of modern 

educational perspectives—further enhances the effectiveness of abstract 

algebra instruction. Online learning platforms, mathematical software, 

adaptive learning systems, and AI-driven technologies provide students with 

more flexible and personalized learning experiences. These technologies 

facilitate the visualization of abstract concepts, offer exercises tailored to 

individual proficiency levels, and provide rapid feedback on student work. In 

addition to helping students grasp the material independently, technology 

supports lecturers in monitoring learning progress, identifying the difficulties 

students face, and designing more appropriate instructional interventions. 

Thus, the integration of technology does not replace the lecturer's role but 

rather reinforces their function as a facilitator who guides students in optimally 

building conceptual understanding (Tashtoush et al., 2024). 

Based on a synthesis of various research findings, the development of 

abstract algebra instruction in higher education needs to focus on 

implementing learning strategies that are more adaptive, innovative, and 

student-centered. Instruction should be designed by integrating constructivist 

approaches, problem-based learning, collaborative learning, and inquiry-based 

learning, alongside the proportional use of digital technology tailored to the 

characteristics of the subject matter. Furthermore, assessment should not 

focus solely on the ability to obtain correct answers but also on measuring 

students' capacity to understand concepts, construct proofs, develop abstract 

reasoning, and logically communicate mathematical arguments. Developing 

lecturers' competence in designing innovative instruction is also a crucial factor 

in ensuring the effective and sustainable implementation of modern 

educational perspectives. 

 

CONCLUSION 

A review of the literature indicates that enhancing conceptual 

understanding in abstract algebra requires an instructional approach capable 

of accommodating the subject matter's abstract and axiomatic nature, as well 

as the high-level reasoning skills it demands. Challenges faced by students—

such as difficulties in grasping formal definitions, constructing mathematical 

proofs, and connecting abstract concepts—can be mitigated by adopting 

modern educational perspectives that prioritize active, student-centered 

learning. A synthesis of various studies further demonstrates that approaches 

such as constructivism, problem-based learning, collaborative learning, inquiry-

based learning, the use of digital technology and diverse mathematical 
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representations, and the provision of gradual scaffolding positively contribute 

to improved conceptual understanding, abstract thinking, mathematical 

reasoning, and student engagement in the learning process. 

Based on these findings, it can be concluded that implementing modern 

educational perspectives is a relevant strategy for developing more effective, 

adaptive, and meaningful abstract algebra instruction in higher education. The 

study implies that lecturers need to integrate innovative pedagogical 

approaches and optimally utilize educational technology to create learning 

experiences that foster deep knowledge construction. Beyond offering a 

theoretical contribution through the synthesis of recent research, this study 

serves as a reference for future instructional design and research aimed at 

strengthening students' conceptual understanding of abstract algebra in 

alignment with the demands of modern higher education. 

 

REFERENCES  
A, S. M. (2025). INNOVATIVE PEDAGOGICAL STRATEGIES FOR TEACHING 

ALGEBRA IN ACADEMIC LYCEUMS. Экономика и Социум, (6-1 (133)), 
705–707. https://cyberleninka.ru/article/n/innovative-pedagogical-
strategies-for-teaching-algebra-in-academic-lyceums 

Agustyaningrum, N., Sari, R. N., Abadi, A. M., & Mahmudi, A. (2021). Dominant 
Factors That Cause Students’ Difficulties in Learning Abstract Algebra: A 
Case Study at a University in Indonesia. International Journal of 
Instruction, 14(1), 847–866. https://eric.ed.gov/?id=EJ1282223 

Alam, A., & Mohanty, A. (2024a). Unveiling the complexities of ‘Abstract 
Algebra’ in University Mathematics Education (UME): Fostering 
‘Conceptualization and Understanding’ through advanced pedagogical 
approaches. Cogent Education, 11(1), 2355400. 
https://doi.org/10.1080/2331186X.2024.2355400 

Alam, A., & Mohanty, A. (2024b). Unveiling the complexities of ‘Abstract 
Algebra’ in University Mathematics Education (UME): Fostering 
‘Conceptualization and Understanding’ through advanced pedagogical 
approaches. Cogent Education, 11(1), 2355400. 
https://doi.org/10.1080/2331186X.2024.2355400 

Alam, A., & Mohanty, A. (2024c). Unveiling the complexities of ‘Abstract 
Algebra’ in University Mathematics Education (UME): Fostering 
‘Conceptualization and Understanding’ through advanced pedagogical 
approaches. Cogent Education, 11(1), 2355400. 
https://doi.org/10.1080/2331186X.2024.2355400 

Arcavi, A., Drijvers, P., & Stacey, K. (2016). The Learning and Teaching of Algebra: 
Ideas, Insights and Activities. Routledge. 



241 
 

Córdova-Esparza, D.-M., & Piñon, A. J. (2025). Analysis of teaching strategies 
and learning challenges in Linear Algebra. CLEI Electronic Journal, 28(2), 
11:1-11:13. https://doi.org/10.19153/cleiej.28.2.11 

Ellis, A. B., & Özgür, Z. (2024). Trends, insights, and developments in research 
on the teaching and learning of algebra. ZDM – Mathematics Education, 
56(2), 199–210. https://doi.org/10.1007/s11858-023-01545-9 

Exploring the Effects of Concept-Based Instruction in the Teaching and Learning 
of Mathematics: A Case of Algebraic Expressions - ProQuest. (n.d.). 
Retrieved August 6, 2026, from 
https://www.proquest.com/openview/afa6279f3a7a306e6b4c77e1a883
7dc8/1?pq-origsite=gscholar&cbl=2026366&diss=y 

Hausberger, T. (2020a). Abstract Algebra Teaching and Learning. In 
Encyclopedia of Mathematics Education (pp. 5–9). Springer, Cham. 
https://doi.org/10.1007/978-3-030-15789-0_100022 

Hausberger, T. (2020b). Abstract Algebra Teaching and Learning. In 
Encyclopedia of Mathematics Education (pp. 5–9). Springer, Cham. 
https://doi.org/10.1007/978-3-030-15789-0_100022 

Jamil, N. B., Rosli, R. B., Mahmud, M. S. B., & Hasim, S. B. M. (2025). 
Transformative teaching strategies for algebraic thinking: A systematic 
review of cognitive, pedagogical, and curricular advances. Eurasia 
Journal of Mathematics, Science and Technology Education, 21(10), 
em2721. https://doi.org/10.29333/ejmste/17250 

Kieran, C. (2022). The multi-dimensionality of early algebraic thinking: 
Background, overarching dimensions, and new directions. ZDM – 
Mathematics Education, 54(6), 1131–1150. https://doi.org/10.1007/s11858-
022-01435-6 

Mangelep, N. O., Tiwow, D. N. F., Sulistyaningsih, M., Manurung, O., & 
Pinontoan, K. F. (2023). The Relationship Between Concept 
Understanding Ability And Problem-Solving Ability With Learning 
Outcomes In Algebraic Form. Innovative: Journal Of Social Science 
Research, 3(4), 4322–4333. https://j-
innovative.org/index.php/Innovative/article/view/4050 

Mrope, F. M. (2024). Exploring group concepts in abstract algebra through 
ChatGPT: An innovative approach to mathematical teaching and 
learning. Union: Jurnal Ilmiah Pendidikan Matematika, 12(2), 258–273. 
https://doi.org/10.30738/union.v12i2.17156 

Murray, E., & Baldinger, E. E. (2018a). Impact of Abstract Algebra on Teachers’ 
Understanding of and Approaches to Instruction in Solving Equations. In 
N. H. Wasserman (Ed.), Connecting Abstract Algebra to Secondary 
Mathematics, for Secondary Mathematics Teachers (pp. 403–429). 
Springer International Publishing. https://doi.org/10.1007/978-3-319-
99214-3_19 



242 
 

Murray, E., & Baldinger, E. E. (2018b). Impact of Abstract Algebra on Teachers’ 
Understanding of and Approaches to Instruction in Solving Equations. In 
N. H. Wasserman (Ed.), Connecting Abstract Algebra to Secondary 
Mathematics, for Secondary Mathematics Teachers (pp. 403–429). 
Springer International Publishing. https://doi.org/10.1007/978-3-319-
99214-3_19 

Nilimaa, J. (2023). New Examination Approach for Real-World Creativity and 
Problem-Solving Skills in Mathematics. Trends in Higher Education, 2(3), 
477–495. https://doi.org/10.3390/higheredu2030028 

Paul, R., Tanbir, A., & Sharma, N. (2025). Integrating algebraic geometry into 
mathematics education: Bridging theoretical concepts with practical 
learning. International Journal of Mathematical Education in Science and 
Technology, 0(0), 1–17. https://doi.org/10.1080/0020739X.2025.2530967 

Pramesti, T. I., & Retnawati, H. (2019). Difficulties in learning algebra: An analysis 
of students’ errors. Journal of Physics: Conference Series, 1320(1), 012061. 
https://doi.org/10.1088/1742-6596/1320/1/012061 

Sibgatullin, I. R., Korzhuev, A. V., Khairullina, E. R., Sadykova, A. R., Baturina, R. 
V., & Chauzova, V. (2022). A Systematic Review on Algebraic Thinking in 
Education. EURASIA Journal of Mathematics, Science and Technology 
Education, 18(1). https://eric.ed.gov/?id=EJ1329599 

Siller, H.-S., & Ahmad, S. (2024). Analyzing the impact of collaborative learning 
approach on grade six students’ mathematics achievement and attitude 
towards mathematics. Eurasia Journal of Mathematics, Science and 
Technology Education, 20(2), em2395. 
https://doi.org/10.29333/ejmste/14153 

Sofroniou, A. (2025a). Advancing conceptual understanding: A meta-analysis on 
the impact of digital technologies in higher education mathematics. 
Education Sciences, 15(11). https://doi.org/10.3390/educsci15111544 

Sofroniou, A. (2025b). Advancing conceptual understanding: A meta-analysis on 
the impact of digital technologies in higher education mathematics. 
Education Sciences, 15(11). https://doi.org/10.3390/educsci15111544 

Tashtoush, M., Wardat, Y., Ali, R., & Saleh, S. (2024). Artificial Intelligence in 
Education: Mathematics Teachers’ Perspectives, Practices and 
Challenges. Iraqi Journal for Computer Science and Mathematics, 5(1). 
https://doi.org/10.52866/ijcsm.2024.05.01.004 

Veith, J. M., Bitzenbauer, P., & Girnat, B. (2022). Exploring Learning Difficulties 
in Abstract Algebra: The Case of Group Theory. Education Sciences, 12(8), 
516. https://doi.org/10.3390/educsci12080516 

Ying, C. L., Osman, S., Kurniati, D., Masykuri, E. S., Kumar, J. A., & Hanri, C. 
(2020). Difficulties that Students Face when Learning Algebraic 
Problem-Solving. Universal Journal of Educational Research, 8(11), 5405–
5413. https://doi.org/10.13189/ujer.2020.081143 

 


